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Abstract: Spain is the second highest rice-producing country in the European Union, with approxi-
mately 105,000 ha used to grow this crop. The major rice-producing regions in Spain are Andalusia,
Extremadura, Catalonia, and Valencia, followed by Aragon and Navarre. The main soil texture
throughout Spanish rice areas is silty clay loam, with alkaline soils (pH > 7.5)—except in the Ex-
tremadura area (pH = 5.5–6)—and a low organic matter content. Water quality in terms of salinity is
acceptable, although in some coastal rice areas salinity issues occasionally appear to be a determining
factor for high yield achievement. According to a survey carried out on farmers and technicians,
the most problematic weeds found in rice crops today in Spain are Echinochloa spp., Leptochloa spp.,
and Cyperus difformis. Most of the currently authorized herbicides can be classified according to two
modes of action: ALS-inhibiting and ACCase-inhibiting. Repeated field applications of herbicides
with the same mode of action have resulted in the selection of herbicide-resistant weeds. At present,
resistance has been confirmed in different regions of Spain to ALS inhibitors in Echinochloa spp.,
Leptochloa spp., and Cyperus difformis, and to ACCase inhibitors in Echinochloa spp. and Leptochloa
spp. The mechanism of resistance in these species is a mutation in the target site of these herbicides.
Several mutations have been found in the ALS gene, both in Echinochloa spp. and Cyperus difformis,
distributed in the different rice-growing regions considered in this work. ACCase gene mutations
have been mainly found in Leptochloa spp. individuals from Extremadura and Valencia. These differ-
ent mutations have resulted in different patterns of cross-resistance to ALS- and ACCase-inhibiting
herbicides. It is likely that the repeated use of these two modes of action in rice will result in the
evolution of more resistant weed populations. The possible availability of new herbicides with
alternative modes of action in a short space of time seems very limited, suggesting the need for
a more appropriate use of the available alternative strategies (crop rotation, dry sowing, manual
weeding, etc.). This work presents a review of the main characteristics of rice cultivation in Spain,
emphasizing the current problems in this crop and the management of herbicide-resistant weeds.
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1. Introduction
Rice is one of the most important global food crops, and a primary source of calories
for more than half of the world’s population [1]. Molina et al. [2] dated the origin of its
domestication to ~8200–13,500 years ago in the Yangtze Valley in China. However, it was
not cultivated in Europe until the 12th century, when Arabs brought the crop to the Iberian
Peninsula, from where rice was exported to other European countries throughout the
Mediterranean Basin [3].
1.1. Main Rice-Growing Areas in Spain
Over the centuries, this crop has passed through different periods of development
and crises in Spain for various reasons, including the negative association of rice with
people’s health, wars, and decreases in rural populations and the labor force. At first, rice
was cultivated in areas with high water availability, such as marshy areas and river deltas
in the Andalusian, Catalonian, and Valencian regions. From the end of the 19th century
and the beginning of the 20th, the traditional rice-growing regions saw an increase in the
amount of land dedicated to this crop, and its cultivation began to spread to other non-
traditional areas, such as Aragon, Extremadura, and Navarre. Today, this crop occupies
around 105,000 ha. Rice in Spain is mainly cultivated in 6 of its 17 administrative regions
(Figure 1), from latitude 37 in Marismas del Guadalquivir (Andalusia region) to latitude
42 in Navarre and Aragon. Table 1 shows how the main rice cultivation area in Spain is
located in the two southernmost areas (Marismas del Guadalquivir and Extremadura),
followed by the two Mediterranean coastal rice areas (Delta del Ebro and Valencia), with
the northern rice areas (Aragon and Navarre) lagging behind.




























Figure 1. Main rice areas in Spain. AR (Aragon); DE (Delta del Ebro); MG (Marismas del
Guadalquivir); NA (Navarre); VA (Valencia); EX (Extremadura).
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Table 1. Surface area and yield in the major Spanish rice areas. Data from [4].
Surface (ha) Yield (kg ha−1)
Total Long Grain Medium–Short Grain Average Field Long Grain Medium–Short Grain
Aragon 5077 - 5077 2 - 5705
Delta del Ebro 19,847 1489 18,358 2 7735 7018
Extremadura 21,355 14,755 6600 4 7180 6063
Marismas del Guadalquivir 39,635 26,853 12,782 27 8721 8512
Navarre 2004 - 2004 2 - 5621
Valencia 14,806 - 14,806 <1 - 8496
Rice cultivation in traditional areas (Delta del Ebro, Marismas del Guadalquivir, and
Valencia) is carried out following a monoculture system. Although rice is one of the most
salt-sensitive crops, cultivation using freshwater flood irrigation allows the lowering of
salinity levels, and thus, its cultivation in highly salinized fields. Crop rotation in these
coastal rice regions has failed due to the high and rapid salinization of rice fields as soon as
the irrigation water is withdrawn, with salinity strongly conditioning the crop alternatives
that can be grown [5]. While variation through crop rotation is the main way to overcome
the negative aspects of intensive monoculture cropping, including the effects on soil fertility,
and pathogen, pest, and weed control [6], this integrated management approach fails in
coastal rice-growing areas with salinity issues. In the more recently developed rice areas,
all located inland (Aragon, Extremadura, and Navarre), rice is sometimes rotated with
other crops: in Aragon with annual ryegrass (Lolium multiflorum Lam.), barley (Hordeum
vulgare L.), tall fescue (Schedonorus arundinaceus (Schreb.) Dumort.), or even with fallow
land; in Navarre, some 20% of the rice area is mainly rotated with winter cereals, fallow
land, tomatoes (Solanum lycopersicum L.), and broccoli (Brassica oleracea var. italica Plenck);
and in Extremadura with corn (Zea mays L.) and tomatoes. Some of these rotations are
carried out in other rice-growing regions in the world. In temperate regions, rice is mostly
rotated with wheat (Triticum sp.) or peas (Pisum sativum L.), while in warm regions possible
candidates for rotations include forage crops, maize, or sunflowers [5]. In Italy, soybeans
(Glycine max L.) and maize have recently proven to be successful rotation crops in rice
fields [7].
1.2. Main Commercial Rice Varieties
Rice is divided into three types based on seed size: long-grain, medium-grain, and
short-grain. Long-grain rice is the most versatile and popular variety worldwide [8,9].
However, the preferred type in Spain is short-grain rice, which has a particularly long
tradition in the Mediterranean coastal regions [10]. Long-grain varieties (Oryza sativa var.
indica) are mainly cultivated in rice areas located in southern Spain (Extremadura and
Marismas del Guadalquivir), while in the other four areas located in northeastern Spain,
short–medium-grain (Oryza sativa var. japonica) rice is cultivated. The main commercial
varieties are shown in Table 2. It can be observed how, in the areas with the lowest rice crop
surface area (Aragon and Navarre), one particular variety (“Guadiamar”) is dominant. This
is also the case in the Marismas del Guadalquivir rice area, where the “Puntal” long-grain
variety is by some distance the most cultivated. In the Delta del Ebro and Valencia rice
areas, the “JSendra” variety, recently released by a Valencian rice research institute, has
been gaining in popularity due to its improved agronomic and culinary characteristics.
Of all of the rice varieties cultivated in Spain, a special mention should be reserved for
the new Clearfield® varieties (“Sirio”, “Furia”, “CLX755”, and “Ecco 51”), which carry
imidazolinone-resistant traits that provide an efficient option for weed control. However,
these varieties are not evenly spread throughout Spain, with the main region where they
are grown being Extremadura, where they occupy almost 50% of the rice-growing area.
Here, Clearfield® varieties are not only used to get rid of weedy rice, but also for Leptochloa
spp. control [11].
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Table 2. The main rice varieties cultivated in each of the six Spanish rice areas, including in brackets their cultivated %
among the rest of the varieties in the same area.
Aragon Delta del Ebro Marismas delGuadalquivir Navarre Valencia Extremadura
Guadiamar (75) JSendra (35) Puntal (73) Guadiamar (91) JSendra (44) Sirio (25)
Nuovo Maratelli (8) Argila (16) JSendra (13) Nuovo Maratelli (4) Gleva (21) Gladio (22)
Bomba (6) Bomba (16) Guadiagran (2) Lido (2) Bomba (12) CLX745 (14)
Furia (5) Soto (5) Guadiamar (2) Onice (2) Fonsa (10) Thaiperla (13)
Sirio (1) Sirio (4) Sirio (2) Argila (5) Ecco 51 (9)
Montsianell (4) Fonsa (2) Sirio (3) Bomba (6)
Furia (3) Soto (2)
1.3. Soil Characteristics and Temperature/Water Requirements
The areas where Spanish rice fields are located have different soil types with different
hydrological characteristics. As shown in Table 3, the main soil texture throughout Spanish
rice areas is silty clay loam, with alkaline soils (pH > 7.5)—except in the Extremadura area
(pH = 5.5–6)—and a low organic matter content. Both of these soil characteristics—pH, and
organic matter content—are important determining factors in rice production, as they are
strongly correlated with soil micronutrient availability and uptake by rice plants [12].
Table 3. The main soil characteristics of the major Spanish rice areas.
Texture pH Organic Matter (%)
Aragon Silty clay loam 7.7 2.0
Delta del Ebro Silty clay loam 8.0 3.5
Extremadura Sandy loam–clay loam 5.5–6.0 <2.0
Marismas del Guadalquivir Clay–silty clay 7.9–8.3 1.5–3.2
Navarre Silty clay loam 8.0 1.5–2.5
Valencia Clay loam–silty clay 7.9 3.2
Rice requires a lot of water throughout its cropping cycle—around 10,000–14,000 m3 ha−1
(1000–1400 mm)—but rainfall during the rice cycle in Spain (May–October) is scarce
(Figure 2), around 130–250 mm. Just 4–58 mm of rain falls during the July–August period—
possibly the most water-demanding period of the rice cycle. Therefore, irrigation is a
necessity, and is mainly conducted through flood irrigation systems, with just a few areas
in Extremadura using intermittent sprinkler irrigation. This high dependency on irrigation
water is one of the main differences between rice production systems in Spain and the
major rice production areas of Asia. Auffhammer et al. [13] reported around 1200 mm of
rainfall from June to September in the Kharif rice-growing region of India, while in the
same period of the year in the Spanish rice-growing areas the average rainfall is 92 mm.
Figure 1 also shows the water sources for the different Spanish rice regions. In the
northern rice areas (Aragon and Navarre), the main source is from rivers flowing from
the Pyrenees mountains to the long Ebro River. Water quality is high in terms of salinity,
and the field water depth ranges from 10 to 20 cm. Once the Ebro River flows into the
sea, it forms a large delta (Delta del Ebro), where rice is cultivated with a 5–10 cm water
depth and a water salinity with an electrical conductivity (EC) of around 1.5 dS m−1. In the
Marismas del Guadalquivir rice area, the source of the irrigation water is the Guadalquivir
river, with a field water depth of 10–20 cm and a low water quality in terms of salinity
(EC = 2.3 dS m−1). There are diverse water sources in the Valencia rice area, as part of the
rice fields is flooded from a coastal freshwater lake (EC = 2.1 dS m−1), and the rest from a
complex network of water canals diverted from the Turia and Júcar rivers (EC = 1.2 dS m−1)
flowing north and south, respectively, of the rice area. Finally, in the Extremadura rice area,
the water comes from the Guadiana River, with an average flood depth of 15–20 cm and
good salinity quality (EC = 0.25–0.3 dS m−1).
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Figure 2. Omb othermic diagrams of the six Spanish main i reas. Solid line: mean temperatu e; dashed lin : rai fall.
Data are from a recent 20–30-year s ries for each rice are
As can be seen in Figure 1, some of the Spanish rice areas are located in the north of
the country (Aragon and Navarre), where a short warm period presents an obstacle to
achieving high yields. In these two areas, rice yields are around 5600 kg ha−1, whereas the
corresponding values in the Marismas del Guadalquivir and Valencia areas are around
8500 kg ha−1. However, this large difference is not only due to air temperature, as the
number of growing degree days for A agon n the May–Septembe period is 1940, more
than in the Delta del Ebro area (1906 growing degree days), with almost the same latitude
but a rice yield of around 7000 kg ha−1. There is an additional important factor in these
northern rice areas that affects rice yields: a low water temperature. In Aragon and Navarre,
the rice fields are fed from cold rivers directly flowing from the Pyrenees. Shimono et al. [14]
reported that an important reason for rice yield reduction is low water temperature, as it
directly decreases the photosynthetic rate.
2. Weed Control in Rice in Spain
Rice in Spain is mostly cultivated under flood irrigation conditions from May to
October. These anaerobic soil conditions constitute the first barrier against weed infesta-
Agronomy 2021, 11, 1095 6 of 12
tion, considered the most harmful of the different types of organism that can affect rice
production [15]. However, several weed species have adapted to these conditions, exerting
a considerable pressure on the rice crops. The most competitive and difficult to control rice
weed species in Spain (Table 4) are Echinochloa spp., along with some Cyperaceae, present
in most European rice-growing regions [16–19]. In other parts of the world, for example
in Arkansas and California in the USA [20,21], and in Asian countries such as Japan [22]
and China [23], the most harmful rice weeds are similar to those occurring at in Europe:
Echinochloa spp., and species of the Cyperaceae family [16].
Table 4. Infestation level * of rice weeds in the six main Spanish rice areas, based on an evaluation by a panel of experts
classifying weed species into five categories.
Weed Species Aragon Delta del Ebro Marismas del Guadalquivir Navarre Valencia Extremadura
Echinochloa sp. 5 4 5 4 5 5
Oryza sativa 3 2 1 2 2 1
Leptochloa sp. 2 2 2 3 2 5
Leersia oryzoides 0 2 0 0 0 0
Cyperaceae 4 4 5 5 3 4
Heteranthera sp. 2 3 1 5 1 2
Alisma sp. 0 2 1 2 0 3
Ammania sp. 0 0 1 0 0 1
Algae 2 2 1 2 1 2
* 0–5 scale, where a 5 means maximum level of infestation, and a 0 means no presence of a particular weed.
Weed control in the Spanish rice areas underwent a dramatic change in the late 1960s,
when farmers changed the propagation method from transplanting to direct seeding due
to herbicide availability and a scarce labor force. Generally, herbicides are easy to use, as
well as being more effective and less expensive than manual labor [24]. Until then, rice
transplanting plus weeding by hand had constituted the main weed control strategy, but
herbicides became essential when direct seeding was adopted. The first recommended
selective herbicides for weed control in rice in Spain were synthetic auxin types (2,4-D; 2,4,5-
TP; MCPA; MCPP), dichlobenil, molinate, and propanil [25]. In the 1980s and 1990s, other
herbicides were introduced for rice crops: bensulfuron-methyl, bentazone, clomazone,
mefenacet, oxadiazon, pendimethalin, quinclorac, thiobencarb, and triclopyr. Then, in the
last two decades, other active ingredients became available: azimsulfuron, bispyribac-Na,
cyhalofop-butyl, halosulfuron, imazamox, profoxydim, and penoxsulam, mainly for the
control of Echinochloa spp. In 2020 there were two exceptional authorizations: propanil—a
herbicide that had been used in Spain for many years—and a new herbicide molecule
called florpyrauxifen-benzyl, mainly focused on the control of Alisma plantago-aquatica,
Cyperus spp., Ammania spp., and Echinochloa spp.
Rice herbicides have therefore been applied in Spain for at least 50 years, with some of
them belonging to herbicide families known for their high potential to produce herbicide-
resistant weeds, including acetyl-CoA carboxylase (ACCase) inhibitors and acetolactate
synthase (ALS) inhibitors. The authorized herbicides for rice in Spain, and their specific
uses for the most problematic weeds in Spain, are specified and listed in Table 5.
Different chemical strategies against weeds, mainly centered on the control of Echinochloa
spp., Leptochloa spp., Cyperus spp., and Oryza sativa (red rice) weed species, are being
conducted in the Spanish rice areas. Apart from the herbicides and the mixtures shown
in Table 5, alternative mixtures are being used in different rice-growing areas. By way of
example, a profoxydim–cyhalofop-butyl mixture is being used in Extremadura, Valencia,
and Aragon, mainly for the control of Echinochloa spp., and a cyhalofop-butyl–clomazone
mixture in Navarre. A bentazone–MCPA mixture is also extensively used in Extremadura,
mainly for the control of Cyperus difformis.
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Table 5. Herbicides authorized for rice cultivation in Spain in the 2020 season [26].
Active Ingredient Mode of Action Main Target Species Comments
Pre-Sowing
Cycloxydim (*) A/1 (ACCase inhibitors) OS
Propaquizafop A/1 (ACCase inhibitors) OS, ECH
Pre-Emergence
Clomazone (**) F4/13 (DOXP inhibitors) ECH Dry-seeded rice
Pendimethalin K1/3 (Microtubule inhibitors) NS Dry-seeded rice
Pendimethalin + clomazone F4/13 + K1/3 MON, DIC Dry-seeded rice
Post-Emergence
Azimsulfuron B/2 (ALS inhibitors) AL, AM, CYP, SC, ECH, HE
Bensulfuron-methyl B/2 (ALS inhibitors) AL, CYP
Bentazone C3/6 (PSII inhibitors) CYP, DIC
Bispyribac-sodium B/2 (ALS inhibitors) CYP, ECH
Cyhalofop-butyl A/1 (ACCase inhibitors) ECH, LP
Halosulfuron-methyl B/2 (ALS inhibitors) CYP, DIC
Imazamox B/2 (ALS inhibitors) NS Clearfield® varieties
MCPA O/4 (synthetic auxins) DIC
Penoxsulam B/2 (ALS inhibitors) ECH, AL, AM, CP
Penoxsulam +
cyhalofop-butyl B/2 + A/1 ECH, LP
Penoxsulam + triclopyr B/2 + O/4 MON, DIC
Profoxydim A/1 (ACCase inhibitors) ECH, LP
AL: Alisma plantago-aquatica; AM: Ammania sp.; CYP: Cyperus difformis; ECH: Echinochloa spp.; HE: Heteranthera spp.; OS: Oryza sativa (red
rice); MON: monocots; DIC: dicots; NS: non-specified; (*): authorized in post-emergence in Clearfield® varieties (target species: ECH, LP,
AS, and LE); (**): authorized in pre-sowing, pre-emergence (dry-seeded rice), and early-post-emergence (flooded rice).
3. Herbicide Resistance
Several cases of herbicide-resistant weeds have already been detected in the Spanish
rice areas in recent years [27–29]. Worldwide, the continuous use of herbicides has led to the
evolution of herbicide-resistant weeds [24]. Importantly, 164 cases of rice weeds resistant
to herbicides have been reported, including 69 cases involving Echinochloa spp. [30]. As a
result of this resistance, as well as a significant decrease in the number of newly released
herbicides and an increasingly strict regulation of herbicide use, especially in Europe, more
effective tools are required to control weed populations. Integrated weed management,
which aims to minimize the number of treatments while maximizing their efficacy, is thus
a major guiding concept. From this perspective, it is of primary importance to unravel the
genetic bases of herbicide resistance in weeds, and to understand how resistance genes
evolve and spread among and within weed populations.
Understanding the mechanism(s) of herbicide resistance is a critical aspect in pre-
dicting the evolutionary trajectory of herbicide resistance [31]. Mechanisms of herbicide
resistance in weeds can be broadly classified into target-site resistance (TSR) and/or non-
target-site resistance (NTSR) [32]. The TSR mechanisms mostly involve mutation(s) in
the target site of action of an herbicide, resulting in an insensitive or less sensitive target
protein of the herbicide [32].
A study was carried out from 2015 to 2018 by researchers from the different Spanish
rice-growing areas, in which samples of the most problematic weeds were taken from each
area. Different fields were selected where growers had reported poor control of Echinochloa
spp., Leptochloa spp., and/or Cyperus difformis by ALS- and/or ACCase-inhibiting her-
bicides applied during the previous growing season, thus suggesting the occurrence of
resistant populations. Since the main mechanism involved in resistance to ALS-inhibiting
and ACCase-inhibiting herbicides is due to mutations at the site of action, a total of
391 samples (248 Echinochloa spp., 95 Leptochloa spp., and 48 Cyperus difformis) distributed
in the different areas were analyzed following the methodology described by Amaro
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(2019) [33]. Evolved resistance to ALS-inhibiting herbicides in weeds has been attributed to
substitutions at each of the following eight different amino acid positions: Ala-122, Pro-197,
Ala-205, Asp-376, Arg-377, Trp-574, Ser-653, and Gly-654. Codon changes at positions 1781,
1999, 2027, 2041, 2078, 2088, and 2096 have been previously described as causing resistance
to ACCase-inhibiting herbicides. The tests were performed using pooled samples, and so
the mutation frequency within the population was not determined. The results are shown
in Figure 3.




















Figure 3. Different mutations in ALS and ACCase genes in individuals of Echinochloa spp., Leptochloa spp., and Cyperus
difformis collected from different rice-growing areas of Spain.
In the case of Echinochloa spp., a greater number of mutations were found in the
ALS gene. Pro197 mutations are the most frequently reported mutation type in weed
species [34]. A Pro-197-Ser mutation has been previously described in Echinochloa spp.,
with confirmation that this mutation reduced the affinity for ALS inhibitors belonging to
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the triazolopyrimidine, sulfonylaminocarbonyltriazolinone, and sulfonylurea families [35].
Substitutions at Ala-122, Ser-653, and Trp-574 have been reported to confer resistance
to ALS-inhibiting herbicides in several Echinochloa species [18,36,37]. As can be seen in
Figure 3, fewer cases of mutations in the ACCase gene have been found in this species,
and only in two rice-growing areas—in both cases in recent years (data not shown). This
may be due to a greater use of ALS-inhibiting herbicides in the different zones, mainly
penoxsulam and bispyribac-sodium.
In Leptochloa spp., target-site resistances have been found mainly in the Extremadura
area, and a few isolated cases in the Valencia region. Most of the resistances are to ACCase
inhibitors, with several amino acid changes in this gene. This weed was first described
in Extremadura, and it is in this region that it continues to be one of the main problems.
ACCase-inhibiting herbicides (especially profoxydim) have been used to control Leptochloa
chinensis (L.) Ness, and displayed a major control effect in rice fields in China. However,
the persistent and extensive use of profoxydim has resulted in the evolution of resistant
populations. The three mutations found in these populations have been previously de-
scribed in L. chinensis in rice [38]. This species also shows resistance to ALS inhibitors in
Extremadura, with several cases found of multiple resistance to both families of herbicides
(data not shown).
The ALS inhibitors used to control C. difformis in paddy fields in Spain are mainly
penoxsulam and bensulfuron-methyl. However, the efficacy of these herbicides has de-
creased significantly in recent campaigns. In the samples of C. difformis analyzed for this
study, the Trp-574-Leu change in the ALS gene was found in samples from different rice-
growing areas. This mutation has resulted in high resistance in C. difformis populations
against all of the different ALS inhibitor families [39].
4. Survey on Weed Control and Resistance Awareness in Spanish Rice Areas
In order to determine the main management practices to control rice weeds, and
farmer awareness of the evolution of herbicide resistance, a survey was conducted over a
period of two years (from 2016 to 2017) in the main growing regions of Spain.
A total of 90 farmers and 108 technical advisors answered the survey, representing
in almost equal proportions the 2 main types of cultivated rice: long- and medium-grain.
The factors investigated were the most troublesome weeds, the herbicide mode of action
used, cultural practices, and awareness of herbicide resistance. Categories within each
factor were adjusted, and the frequency distribution of cases (%) within each category of
analyzed factors was calculated.
Firstly, the results of the survey showed that the most troublesome weeds are in
line with those shown in Table 4, with Echinochloa spp. and Cyperaceae spp. the most
important weeds, with values of 4.2 and 4.1, respectively, on a 0–5 subjective scale. The
participants were also asked, using the same 0–5 scale, about cultural practices for weed
control performed in their rice fields. The most important ones were: water management
(3.6), manual weeding (3.4), flooded-field ploughing before sowing (2.9), mechanical
equipment cleaning (2.7), sowing dose increase (2.2), mechanical control (1.6), dry direct
seeding (1.1), and crop rotation (0.86). However, these cultural weed control methods are
not equally practiced in all Spanish rice-growing areas. Crop rotation was only important
in the Navarre (3.1) and Extremadura (2.1) rice-growing areas, while it was almost non-
existent in the other areas. Dry direct seeding was only important in the Extremadura (2.6)
area. Farmers and technical advisors were aware of the lack of herbicide efficacy, reporting
possible weed resistance issues in the following order: Echinochloa spp. (2.9), Leptochloa spp.
(2.8), Cyperaceae spp. (2.6), and Oryza sativa wild types (2.1).
Similar results have been found in other surveys that have been carried out recently
in other rice-growing regions of the world [20,40]. Most farmers in the different regions
rely on the repeated use of a narrow range of post-emergence herbicides. There is a need to
diversify weed management options, especially for key grass weeds such as Echinochloa
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spp., Leptochloa spp., and Cyperaceae spp. The implementation of a sustainable integrated
weed management strategy is required.
5. Conclusions
This study corroborates the presence of resistance to the most commonly used her-
bicides in rice cultivation in Spain (ALS and ACCase inhibitors), in many cases due to
target-site resistance, although there are already confirmed cases in Echinochloa spp. due to
herbicide metabolism (non-target-site resistance), mainly in the areas of Extremadura and
Marismas del Guadalquivir [41]. In fact, from a global standpoint, there is considerable
evidence that barnyard grass has the propensity to develop resistance to most of these
herbicide groups [42]. It must not be forgotten that global climate change will induce
higher temperatures and limited water availability, which will generally advantage C4 (e.g.,
barnyard grass) over C3 plants (e.g., rice) [43]. Moreover, one of the negative consequences
of increasing temperature and CO2 levels could be the acceleration of the evolution of
weeds’ resistance to herbicides, and more specifically non-target-site resistance [44].
The possibility of the appearance of new herbicides with alternative modes of action
in a short space of time seems very limited [45,46]. In order to avoid a disproportionate
increase in resistance, which could endanger the viability of the crop, it is necessary to
carry out a series of measures for the proper management of this important problem. This
situation requires a more appropriate use of the available alternative strategies, including
different strategies for each rice scenario (field scale), as the interaction between rice crop
and weed management dictates the evolution of herbicide resistance [47].
Extremadura is currently the Spanish rice region with the most extensive problems in
terms of the presence of weeds and confirmed cases of resistance. The use of alternatives
when the problem is highly advanced can cause drastic changes in traditional farming
systems. The example of Extremadura is noteworthy since, mainly due to the serious
problems caused by weeds, the dry direct-seeded rice crop area was close to 80% of the total
in the last rice season. In this system, the non-proliferation of aquatic weeds is attempted
in the first stages of crop development, and allows the application of herbicides such as
glyphosate and pendimethalin, which are successful in reducing rice weeds [48] and have a
different mode of action compared to the main herbicides used for rice. In addition, in this
cultivation system, alternative phytosanitary solutions are possible with different modes of
action. However, we have also verified that these changes in cultivation methods should not
be definitive since, in the long term, repetition in the same farming systems will ultimately
cause similar problems. Concerted efforts at raising awareness of herbicide resistance, and
the implementation of an effective integrated weed management program, are needed [49].
Moreover, diversification of crop and weed management practices, emphasizing non-
chemical weed control tactics (e.g., stale seedbed management before rice sowing [50]) are
important tools for the proactive management of herbicide-resistant weeds [51,52].
In summary, it is of great importance to know the situation of the resistance that
we find in our rice fields, and a follow-up of its evolution will help us decide which
phytosanitary, cultural, or cultivation methods should be adopted. Each rice-growing
area in Spain has different characteristics, depending on the type of weather, soil, water
availability, etc., and may require different strategies. However, measures have also been
found that may be applicable to all or most of the rice-growing regions of Spain.
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